Introduction
Metal forming is a widely used manufacturing process for shaping metallic products. The method of micro metal-forming, however, renders new challenges. For example, influences of the materials properties on the forming processes, the problems associated with the size effect, etc. need to be examined in detail not only during the process design but also in the early stage of product design. This drives the need for new product-design methodology and a new design system to aid designers in the development of new micro-products.
Knowledge Based Decision Support Systems (KBDS) have been developed for assisting in the design of metal forming. However, most of these were concerned with macro product design, with only a few of them considering micro products. Furthermore, these systems are based on the use of personnel PCs rather than being web based, which is not convenient for clients working within a collaborative environment. For example, a KBDS for macro metal forming has been developed [1] . This system is capable of generating feasible processes plans for various sheet and bulk metal forming modules. A knowledge-based framework for the design of progressive dies was also developed [2] , which is used for the support to metal stamping.
In recent years, some web based knowledge-based design systems have been developed which demonstrate the capability of collaborative design through the internet. Using the web technique, the model and knowledge of design in the systems can be dynamically accessed, shared and undated in the Internet environment by authorised remotely located clients or designers. Therefore, efficient design cooperation, product pre-review and assessment can be implemented. A process planning optimization module was presented [3] , which is wrapped as a web-enabled service and deployed in the Internet to support distributed design and manufacturing systems. In this research, the VRML/XML and Java technologies have been utilized. An Web-based knowledge system architecture was introduced for collaborative product development [4] . The system is applied to injection moulded products. A web-based knowledge-intensive collaborative design system called WebKIDSS was also presented [5] . This system is implemented using concurrent integration of multiple cooperative knowledge sources and Java/Java Bean and CORBA technologies.
The above-mentioned systems are not related to micro-product design. In the present research, the prototype of a web-based Design Advisory System (DAS) has been developed for assessing the design of micro-products. The DAS has various assessment modules, including product geometry features, processes, materials, machines, tools and manufacturing cost. The client can import a CAD design model to the DAS by using its User Interface (UI), similar to a web page with dialog boxes. The client also can add, edit and delete (under authorization) the design parameters of the products in the database of the DAS. The DAS has been designed and programmed using the Microsoft C# language [6] , the ASP.Net [7] web technique and Microsoft Access [8] (or Microsoft SQL Server). Designers or clients are able to use the DAS to find an effective solution within a web-based collaborative environment.
Web-based Development of the Design Advisory System (DAS)
Micro-products and Processes Considered in the DAS. Three types of the micro-formed products are currently considered in the DAS for the creation of a prototype system: (i) Bulk parts which are, mostly, axi-symmetrical or rotationally symmetrical; (ii) Sheet parts with various thicknesses and flat geometries, or 2.5D features with raised/lowered profiles; (iii) Cans/tubes which may have local, 3D features, formed from initially sheets and/or tubes.
The following forming processes were included in the DAS: micro-extrusion, micro-stamping and micro-hydroforming. The factors which will have to be considered in connection with the micro-forming processes include: overall dimensions of the micro products; local features of the components; shape capability; tolerance and surface quality capability; material capability; properties of the component material after processing; characteristics of mass-production; manufacturing cost; and synthesis factors.
Architecture and Function Modules of the DAS. The DAS consists of three main parts: User Interface, Inference Engine and Knowledge Base/Database, the architecture and function modules of which are illustrated in Fig.1 . 
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The UI, created with Microsoft C# and ASP.Net, serves as internet-enabled web pages and provides a facility for the client to browse, modify and update the necessary parameters in the database of the DAS through the interactive dialog box including both text and graphic illustrations. The client can also assess his/her design, based on the design models/drawings imported and technical parameters specified, using the various assessment modules in the DAS, and obtaining the relevant assessment results through the dialog boxes in the UI. The UI of the DAS on the web is shown in Fig.2 .
The Inference engine (contains various assessment modules), combining with an KBDS and the database, were programmed by Microsoft C#, ASP.net, Prolog and Microsoft Access (SQL Server). The client can browse the UI of the assessment modules in the Internet/Intranet and use these assessment modules to assess his/her product design. The assessment may be carried out to address the following: design feature manufacturing feasibility, forming process capability, material capability, machines and tool capability, etc., based on which process planning may be carried out.
The database, which is an independent part of the DAS, contains the technological parameters and specifications of the micro products. Link to some open data-sources such as the MatWeb material property database and material industry standards, is also created, rather than being contained within the DAS. Use of the DAS A prototype module for assessing a micro-pin design is illustrated, as an example, to show the capability of the DAS. As shown in Fig.3 , the client can check and select the product type from the product dropdown list. For instance, after micro pin has been selected; click the "enter" button, whereupon the assessment module will assess the micro pin product step by step.
Before using an assessment module, the client may analyse the design and then decide the main geometrical features and attributes of the micro product. For a sample component -micro pin, as shown in Fig.3 , the location and number of holes, bosses and transitions should be examined. Next, the client can specify the number and parameters of the holes, bosses and transitions in the relevant dialog boxes. The assessment module enables to separately assess each feature listed in the drawing and check the suitability of the design. Similarly, the client can use a dialog box to define his/her product-design specifications such as the tolerance, surface quality and the material requirements, overall sizes, difficult features, etc, and the assessment module will then automatically check and assess the compatibility/manufacturability of these parameters with use of the database in the DAS. The assessment results will be displayed automatically in the output dialog boxes to advise the client whether or not his/her design is acceptable.
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After processing the above-mentioned steps, the product design assessment results or the preliminary processing plan will be displayed in a text box. For estimating the manufacture cost, the additionally required parameters can be input in a dialog box and the assessment results can then be displayed in an output box.
After processing the above-mentioned steps, the product design assessment results or the preliminary processing plan will be displayed in a text box. For estimating the manufacture cost, the additionally required parameters can be input in a dialog box and the assessment results can then be displayed in an output box. 
Conclusions
In this paper, development of a prototype of a web-based collaborative Design Advisory System with various design assessment modules for micro-products has been presented. Internet-based assessment modules can be used by a remotely-located client to assess his/her micro-product design with regard to the processing requirements such as geometrical features, tolerance, surface quality, materials, tools, machines and manufacturing cost. After the assessment, a preliminary processing plan can be decided upon and the estimation of the manufacture cost can then be completed. In the next phase of this work, more micro-products and micro-forming processes will be included in the DAS.
